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TITLE 

Helt-Processlble Tet r«f 1 uoroet hyl tne 
Copolymers ind Processes for Preparing Them 
FIELD OF THE INVENTION 

This Invention relates to ne) t-processi bl e 
tet rat luoroethyl ene copolymers having good particle 
flow characteristics and thermal stability. 

Such melt-proces^lble copolymers can be 
extruded onto wire or extruded Into f11i» or tubing, 
or used as a coating, or can be used In rotomoldlng 
applications to make hollow articles or linings. 
BACKGROUND OF THE INVENTION 

Tet raf 1 uoroethyl'ene polymers are of two 
types. One Is non-mel t-processi bl « polymers where 
the melt viscosity Is too high to process the 
polymers by ordinary melt-extrusion processes. 
Instead, the polymery are ordinarily sintered or 
paste extruded depending on the type polymer made. 
The other class Is mel t-processi bl e 
tetraf luoroethylene copolymers having melt 
viscosities in the meU extrudable range. 

Kel t-process'.ble t et raf 1 uoroet hy 1 ene (TFE) 
copolymer resins directly from the polymeriier and/o 
coagulator are referred to as fluff or powder. The 
fiuff is normally humid heat treated and/or melt 
extruded to stabilize it. such as described in U.S. 
Patent 3,085, 0B3. There a^e appllcaclons such as 
rotocasting 1n which a free-flowing powder (herein 
called "granules") Is preferable to melt-extruded 
pellets or where a high degree of purity of the resi 
is desired. Although rotoHning and rotocoating 
processes differ in several technical respects from 
rotomolding. for the sake of convenience the term 
"rotocasting" is used herein to refer to all three 
generlcally unless otherwise indicated. 
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To facllltite handling of ^uch Qranultt. It 
1$ desirable to 1»prove particle ch» racttrt »t1 cs. 
Helt-processlble copolymers that ere coagulated from 
an aqueous dispersion and dried are friable* »nd form 
fines easily which give poor handling properties. It 
ifould be desirable to provide a melt-processlble 
copolymer that Is both stable and easily handled In a 
■ilnlmum of processing steps. It U particularly 
desirable to provide a copolymer that could be used 
both In conventional melt-fabrication processes and 
in rotocasting applications where particle 
characteristics are important. 

It Is also desirable to obtain resins that 
are therwally stable. A number of s tabi 1 1 xat 1 on 
approaches ere known In the art, most of which 
require melting the resins. Thus resins stabilized 
by these methods are generally available only as 
pellets not (without tedious and expensive 
regrlnding steps) as the free-flowing granules that 
are the basis of tbis Invention. 

Another desirable feature of tuch resins Is 
that the granules should be low In »etal 
contamination. ]f the granules have been velted in 
traditional thermoplastic processing equipment, 
contamination occurs inevitably when the corrosive 
tetraf luoroethylene copolymer pelts come In contact 
with the Interior metal surfaces of thermoplastic 
processing equipment, even when corrosion-resistant 
alloys are used. Copolymers having low levels of 
wetal contamination are part 1 cul arl ly desirable for 
applications In the semiconductor Industry. 

SUMMARY OF TME INVENTION 
A conventional product form for 
•el t-processlble tetraf luoroethylene copolymers Is 
9»tru^96 pellets either »trand-cut right 
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cylinders* or melt-cut discs or cylinders. These 
5 pellets tre used as the feed to thereiopl astl c 
processing equipment* 

An alternative product form for 
pel t-fabrlcable tet ra f 1 uoroet hylene copolymers is 
very finely divided powders«' This product fom has 

XO been used as the feedstock for coating operations* 
which are well known In the trade. 

The subject of this patent Is a new product 
form, na»ely* f ree- f 1 owl ng, att r 1 1 1 on- r esl st ant , 
generally spherical, heat-stable granules. These 

15 granules are of high purity and thermal stability In 
air* having particular utility In fabricating 
free-standing rotomolded articles and providing 
defect-free polymeric coatings or linings* especially 
those produced by rotollning metal process 

20 equipment. The novel compositions have Improved 
thermal stability and low bubble tendency. More 
specifically* the composition Is a mel t-processi bl e> 
substantially nortel astomerl c t et raf luorcethylene 
copolymer comprising 60-99,5 mole % 

25 tet raf luoroethyl enc and 0,5 to 20 mole X of at least 
one copolymer 1 zabl e comonomer^ which copolymer has 

(a) a melt viscosity between 0.1 x lU^ 
and 100 X JO* poise at 372»C, 

(b) a substantially spherical particle 
30 ihape and a sphere factor less than 

(c) an attrition factor of less than 
60* 

lit) fewer than a total of 60 unstable 
35 tnd groups per 10^ carbon atoms, and 
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(e) an average particle size 

betwetn 200 and 3000 Micrometers. 

The process of this Invention starts with 
pelt-processible tet r»f 1 uoroethyl ene copolymers that 
have been polymerized In an aqueous medium and 
contain unstable end groups. When prepared In an 
aqueous nedlum, the copolymers are Isolated by 
solvent-aided coagulation preceded by gelation. The 
resulting coagulated granules are spherical In shape, 
which facilitates handling. The granules are then 
dried and hardened' by subjecting them to elevated 
temperature between the differential scanning 
calorimeter (DSC) peak melting point and 25»C below 
the melt onset temperature {1.e.» the granules are 
heat treated to harden them, but not so as to 
completely melt or substantially deform them). The 
hardening facilitates screen sieving or mechanical 
screen sifting Into desired particle Slies and 
facilitates handling by reason of reduced 
friability. The granules are then subjected to an 
atmosphere containing fluorine to convert unstable 
end groups to stable fluorinated end groups, thereby 
reducing bubbling or evolution of volatlles during 
further end-use heat processing. 

These granules are especially well suited 
for rotocasting applications because of the optimal 
particle size and free-flowing characteristics 
combined with low bubble tendency. 

A further benefit of the stabilized 
free-flowing granules Is that such granules have not 
been melted In conventional thermoplastic processing 
equipment and are low In metal contamination. 
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DESCRIPTION OF THE INVENTION 
Repreientiti ve fluorlntttd ethjrl enl cal ly 
unsitunted cowononers copoljr«eri 2«bl « with 
tetraf luoroethjrlene are reprtstnted by the foriiuUs: 



wherein 1$ -R^, -O-^f -0-R^-X 

In which R^ Is a perf luof oaUyl radical of 1-12 
carbon »to»$. -R^- U i perf 1 uoroaUyl ene diradlcal 
of 1-12 carbon atoms In which the attaching valences 
are at each end of the :hain, and X Is H or CI; and 
R^ is -R| or -R^-X. 

Specific copolyaerizable fluorinated 
«th>len1cal ly unsaturated comonomers include 
hexafluoropropylene. perf 1 uoro(«thy1 vinyl ether), 
perfluoroln-propyl vinyl ether), perf 1 uoro { n-heptyl 
vinyl ether). 3. 3 , 3-t r1 f 1 u oropropyl ene- 1 . 
3,3.4,4.S.5.6.6.6-nonaf luorohexene-l. 
3-hydroperfluorolpropyl vinyl ether), or mixtures 
thereof, such as a wixture of hexaf 1 uoropropy 1 ene and 
perf luoro(propyl vinyl ether). Preferably the 
coponomers art selected fro* perf luoro( a Uy 1 vinyl 
ethers) of the formula R^-G-CF-CFg; or 
hexaf luoropropylene; or compounds of the formula 
R^-CH-CHg, wherein -R^ is a perf luoroaUy 1 
group of 1-12 carbon ato»S. 

Comonomer content can range from O.S mole 
percent up to about 20 mole percent, and more than 
one coaonomer can be present. 
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The cononoaer content Is low enough thet the 
copolymers are plastics rather than e1asto*ers» I.e.. 
they are partially crystalline and after extrusion do 
not exhibit a rapid retraction to original length 
from a stretched condition of 2X at room temperature. 

The aqueous polymerization of TFE with 
various coaionomers is well known* The reaction 
aiedium consists of water, monomers, a dispersing 
agent, a free-radical polymerization initiator^ 
optionally* a chain-transfer agent and, optionally, a 
water-immiscible fluorocarbon phase, as described, 
for example, in U.S. Patent 3,635,926. 

Polymerizatlo^n temperatures between 
20*-140*C may be employed and pressures of 1.4-7,0 
hPa are ordinarily used. Generally higher 
temperatures and pressures are employed to Increase 
polymerization rates, especially if a comonomer is 
less reactive relative to TFE. The TFE and sometimes 
the comonomer are fed continuously to the reaction 
vessel to maintain reaction pressure, or in some 
Instances the comonomer Is all added initially and 
pressure is maintained with TFE feed only. The 
mono»er(s) are fed until the desired final dispersion 
solltis level (lS-*>0%) is achieved. The agitator 
speed in the reaction vessel may be held constant 
during polymerization or It may be varied to control 
polymerization rate. 

Initiators commonly employed are 
free-radical initiators such as ammonium or potassium 
pertulfate or dliucclnic acid peroxide. The 
dispersing agent will be present in an amount between 
0.01-O.S percent based on weight of aqueous medium 
and preferably between O.OS-O.I percent. 



i 
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By tht t.rm -pel t- pr OC t» S 1 b1 e" 1s -e«nt th.t 
, the copoly..r c.n be processed (1.... ^•"i;^ "''j;;'" 
* sh.ped .rtlcUs such .s fil-s. fibers, tubes. -1r. 
coittngs .nd the like) by conwentlon.l 
•elt-processing tQuip».ent. Such requires th.t the 
«U-viscosity of the copolymer .t the processing 
te^p.r.ture b. no por. th.n lo' poise. 
" it IS in the r.nse of 10* to 10« poise .t 372-C. 

Melt viscosities of the i»elt-processible 
poly-ers .re .t.sured .ccording to Americ.n Society 
for Testing .««• H.t.H.ls Hethod 0-123B. modified .s 
follows: The cylinder', orifice .nd piston tip .re 
" ..de of . corrosion-resist.nt .Hoy. such .s H.ynes 

Stellite(t-) 19 or lnconel(t.) 625. The 5.0 g s..pl« 
1, ch.rg.d to the 9.53 -m Inside di.peter cylinder 
which is ..int.ined .t 372-C 1 I'C. Five .inut.s 
,fter the s.»ple Is ch.rged to the cylinder. It is 
extruded through . 2.10 di.-eter. 8.00 long 
tqu.re-.dg. orifice under . lo.d (piston plus weight 
of 5000 gr.-s. This corresponds to . she.r stress of 
44.8 kF.. The «elt viscosity in poises is c.lcul.teo 
»s 53170 divided by the observed extrusion r.te in 



20 



25 



gr.ms per ainute. 

The copolymers prep.red by the foregoing 



.queous poly.erii.t1on process .re colloid. lly 
dispersed in the p oly-e ri i .t 1 on .ediu«. The poly-.r 
is recovered fro« the dispersion by co.gul.tion. 

" Morm.l co.gul.tion of .queouS poly.er dispersions by 
•ech.nlc.l she.r ten^s to give . very finely divided 
po-der which h.s poor h.ndling ch.r.cter i st 1 c s . 
Sever. 1 techniques .ight be used to obt.ln the 
preferred l.rger p.rticl. »i»s. The combin.tion of 

" p.ch.nic.l .git.tlon .nd cert. In che.ic.l .dditions 
c.n be used to obt.in l.rger. spheric. 1 p.rticles. 
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in the process of the Invention, the .queous 
dispersion Is jelled -1th . gelling .gent. . .1ner*1 
' .cid. while b^lng .gifted. Pref.r.bly nitric .cid 
is used .s the gelling .gent. A „ter-1.«1sc ble 
liquid IS then .dded to the 9*1 «Mle continuing the 
.git.tlon. The gel bre.ks up Into sep.r.te ph.ses of 
w.ter .nd llqulo-etted polymer p.rtlcles. The 
" p.rtlcles .re then dried. The gr.nule sire Is . 

function of the dispersion p.rtUle size, the r.tio 
of w.ter-lMlsclble liquid to pol>«er. .nd the 
•git.tlon conditions. The gr.nule size is. .s 
desired, .uch l.rger th.n th.t .chieved If the 
" dispersion IS co.gul.ted ty pech.nlc.l sheer .ctlon 
,lone. usually, the .POunt of w.ter-1.»1 sclbl. 
liquid -ill be 0.25 to 1.0 p.rt per p.rt of poly.er 
on . dry -eight b.sls. About 0.1 to 10 p.rts of 
HNO, per 100 p.rts of poly-er -eight c.n be used. 
Kitrlc .cid IS preferred bec.use It Is not corrosive 
to st.lnless-steel equipment end re.dily vol.tilizes 
1„ . subsequent b.king step. Co.gul.ted p.rtlcles 
obt.ined by this process gener.lly h.»e . size 
bet-een 200-3000 micrometers. The product Is 
" sep.r.ted. -.Shed .nd dried .t 80 to 150-C for fro- * 

to 30 hours. 

Prefer.bly. the -.ter- i m«i sclbl e liquid 
mould h.»e . surf.ce tension of not mor, th.n 35 
dyne/c« .t 25«C .nd It should h.ve . nor..l boiling 
" point in the r.nge of 30 to UO'C. Typlc.l ex.-pl.s 
of the 1-iscible liquid us.ble In the Invention .re 
.llph.tic hydroc.rbons such .s hex.ne. hept.ne. 
p.tollne .nd kerosene, or .l.tures thereof. 
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•rowitlc hydrocarbons such as btnaent, toluene and 
xylene, halogenited derivatives such as carbon 
tetrachloride, Bonochl orobeniene, the 
trichlorotrlf luoroethanes, 

dif luorotetrachloroethanes, and liquid ollgoaiers of 
chlorotrif luoroethylene. 

Other techniques alght also be used to 
obtain the particle slies preferred In this 
Invention. Hucleatlon agents might be added to the 
aqueous dispersion before coagulation which would 
result In larger particle sizes. Small polymer 
particles which were obtained from mechanical 
coagulation migh't be redispersed In a two-phaie 
liquid mixture and thus agglomerated into larger 
particles. The polymerization Itself might be 
carried out with a water/Immiscible liquid mixture so 
that particles of the desired size could be obtained 
directly from polymerization. 

The dried particles are generally spherical 
and have a sphere factor less than l.b, and 
preferably less th«r> K2. The Sphere factor is a 
measure of the degree of roundness of the particles, 
A sphere factor of 1 represents a geometrically 
spherical particle. 

The particles are then hardened by heat 
treatment until the attrition fa''5r, as described 
herein, is less than 60 and preferably less than 2b, 
but before the granules agglomerate. 
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6> the ttrm "before the granules agglomerate" Is 
■leant that the DSO as hereinafter defined does not 
Increase by Kore than 20X. 

Keat hardening of the granules formed In the 
coagulation step occurs relatively close to the 
copolymer melting point. The temperature at which 
hardening occurs depends not only on the copolymer 
melting point but also on other characteristics such 
as cononomer and molecular weight distributions. 
These characteristics Influence the temperature at 
whic' the onset of melting occurs. 

This heet-'hardeni ng phenomenon occurs when 
the copolymer granules are held at e temperature 
within the range between the copolymer melting po^nt 
and a temperature 2S*C below the melt onset 
temperature, as measured by differential scanning 
calorimetric (OSC) methods described herein. The 
granules must be exposed to temperatures within this 
range for a time sufficient to Impart a useful degree 
of hardness. The resulting heat^ha rdened granules 
are not completely melted and are only partially 
sintered. If the melting heat ratio as hereinafter 
defined is below 1.?, the polymer granules have been 
melted and bfgin to fuse t09ether. After heat 
hardening, the granules have a level of hardness 
useful in preventing attrition and fines generation 
during subsequent steps in the manufacturing process 
and also In melt fabrication. 

The manufacturing process for the granules 
may optionally include sizing, such as screen 
granulation to mechanically force all the granules 
through a screen of selected sesh size which breaks 
up the oversize paftitles while maintaining the 
useful particle characteristics described herein. 
Some lump formation occurs during heat hardening and 
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fluorin.tlor.. Soch screen gr.nul.tlon U efficient 
5 <n p».ov1«9 these lumps, which .re detrl-ent.1 In 
rotocasting operations. 

These particles contain unstable end 
groups. The end jroups found In the untreated 
Po1>«er directly from polyerUatlon depend on the 
Initiator used and on the presence of pH and 
.ol.cul.r «l9ht modifiers. For example. If ammonium 
or potassium persulfate is employed as the Initiator, 
the polymer end groups are essentially .n carboxyllc 
•eld (-COjH). The ,cld end groups are found In 
15 both monomeric or dlmerlc forms. If , pH modifier 
such as ammonium hydroxide Is present, then . l.rge 
portion Of the carboxylu acid ends -.y be converted 
to amide ends (-CONH^). If , molecular weight 
■odifler such „ methanol Is employed, then a portion 
of the ends may be carblnol (-CM^OH) as well as the 
more stable d1 f luorowethy 1 ends (-CF.H). The 
presence of methanol can also lead to methyl ester 
ends (-CO2CH3). vinyl ends (-CF-CF.) are 
generally not . direct resuU of polymerization but 
25 "re formed as • result of decarboxylation of the 

initially formed carbo.yllc acid ends. Add fluorioe 
ends (-COF) generally result from air oxidation of 
the .-Inyl ends or the carblnol ends. AH of the end 
groups described above (except -CF^H) are 
30 considered to be thermally and/or hydroly 1 1 cal ly 
unstable. This Is what Is meant by the term 
•unstable end groups". They have a tendency to cause 
bubbles or void, upon melt fabrication. These voids 
can be detrimental to the physical or electrical 
35 properties of fabricated artldas. it Is desirable 
to have less than 80 of these unstable ends per lo« 
carbon atoms In the polymer. 



V 
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The unstable end groups described ebove nay 
te reduced or eliminated by treatment of the polymer 
with fluorine* The fluorlnation may be carried out 
with a variety of fluorine radical generating 
compounds but preferably the polymer 1$ contacted 
with fluorine gas* Since reactions with fluorine are 
very exothermic, it 1$ preferred to dilute the 
fluorine with an inert gas such as nitrogen. The 
level of fluorine In the fluorine/Inert gas mixture 
may be 1 to 50 volume % but is preferably 10-30%. 
Any reaction temperature between 0*C and the polymer 
melting point may be used but a temperature range 
between 130 and 200*C appears to be practical to 
permit reasonable reaction times (1 to S hours under 
fluorine). It Is preferred to agitate the polymer to 
expose new surfaces continuously. The gas pressure 
during fluorlnation may range from atmospheric to 1 
MPa* If an atmospheric pressure reactor Is used. It 
Is convenient to pass the fluorine/Inert gas mixture 
through the reactor continuously. After exposure of 
the polymer for the desired length of time, the 
excess fluorine Is purged from the sample, which Is 
then cooled. 

Host Of the unstable end groups are 
converted to per f 1 uoromethyl (-CFj) ends by the 
fluorine. The acid fluoride ends are the most 
resistant to fluorine but will react at sufficiently 
high temperature or with sufficient time. 

The preferred copolymers should have a 
melting heat ratio greater than 1,2. By melting heat 
ratio Is meant the ratio of the heat of melting on 
its first melting to the heat of melting recorded on 
a second melting. This 1$ an indication that the 
particles have not been melted completely. 
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T^t:T P ROCEDURES 

RURR LE INDEX 

^ Th l bubble index test referred to in the 
ex.mples Is performed .s foUo-s: A 159 "-Pl« 
::;X::r .s^e,,.ed ,nto . new cjeen ..«.1nu. P.n 
Mhlch IS about 50»« in diameter. 16min deep ano . 

M sampie (.it. controls .or comparison) is 

bUed at SO^S-C above the "^^^"^ '•oint for 40 
minutes In a hi gh^t.mper.ture -"^•^J"^/; ^ 
oven The bakin, time ii defined as specimen 
e lure time bet-een ciosin, and opening the oven 
Toor The oven air temperature is preset end 
" ;eco:ers to set temperature -ithin S to 10 minutes 
•fter sample addition. After cooling to room 
temoer.turl! the polymer specimen is removed from the 

"he d;gree of bubble formation is observable 
qualitatively a.d is measured by the P-";; „ 
ncre.se in specific volume of the '^^^ 
to the tubble-free polymer. The Bubble Index is 

defined «$: — % ,T , 

Specific Gravity of 
bubble-free copolymer as 
determined by ASTW Method D-792. 
Net weight of $pec1«en \f\ ilr- 
Net -tight of specimen In weter by 
d1spl«ce»ent method. 



Bubble Index 



lOO 



2!^ where: 
6 
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The entire exposed Bubble Index spcclnen Is 
i^elghcd In air and under witer to the nearest O.Ol 
gram on an electronic balance* To obtain the net 
weight submerged In water, a stainless-steel wire 
harness with depth mark Is suspended from a small 
ring stand on the balance and the tare weight of the 
harness is set to null In water before the specimen 
Is added to the harness and submerged to the fixed 
depth* About 800 ml of demi neral 1 zed water 
containing one drop of Triton* X-lOO or X-500 
surfactant is used for submersion at room 
temperature. Specimens are observed under water to 
Insure constant Immersion depth and the absence of 
bubbles on the specimen surface. 
ATTRITION FACTOR 

Particle hardness Is measured by a screening 
test as follows: 
Equi pment : 

Fritsch Pulverisette*, Model 24-0217-000 
(TeKmar Company^ Cincinnati, OH) 
Sieve (USA Standard Testing Sieves) 

- 51mm high x 203mm d1 a x 30 mesh for 

granules of DSO greater than 700 

ml c rometers. 
• 51mm high x 203mffl dia x 60 mesh for 

granules of DSO less than 700 

ml c rometers • 
Pan and dome lid, 203mn dia. 

19mm diameter stainless-steel balls (32g each} 
Procedure: 

Place 100.0 g of polymer (W^) onto the 
screen which has been placed on the prewelghed pan 
(W^). Place the dome lid on top and position In the 
Fritsch Pul verlsette(tm) apparatus. Preset a^olUude 
to l.Smm (amplitude setting of 3). 

Attach the retaining straps to the lid and 
* denotes trade nark 

-14- 
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» 

* tighten securely. Set the t1»er for 10 sin end 

* ^ activate* At the end of 10 min remove the lid and 
i screen^ brushing polymer adhering to the Inside of 

the bottom rim of the screen Into the pan. Weigh the 
! pan (U^), Place 12 of the stainless-steel balls on 

the screen and reassemble pan/screen/lld and place In 
the Pul verlsette(tm). Set timer for 10 min and 
activate* After 10 min disassemble the screen again 
brushing polymer adhering to the Inside of bottom rim 
Into the pan. Weigh the pan and contents again 
(W^). Calculate attrition factor as follows: 



10 



15 Attrition . , , 

Factor ■ rr— m- I iwu 
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" L K +r«o\ J 



DETERKlHATIOh OF SPHERE FACTOR 

A small amount of sample is placed on a 
glass microscope s11de» dispersed Into a single layer 
by shaking slightly, and then phot oml crographed • On 
a print, the largest and shortest diameters (a and b) 
of each particle are accurately measured to within 
^ St using more than 30 particles selected at random. 

The sphere factor Is calculated according to 
the method of U.S. Patent No. 3»911»072 as follows: 

(n - number nf particles measured) 
Sphere Factor 



IM.n 



(1 • l»2t3 n) 



FHD GROUP ANALYSIS 

The end groups In a fluorocarbon polymer are 
determined from the Infrared spectrum of compression 
molded films. This technique has been described In 
previous patents such as U.S. Patent 3,085,083. 

The quant 1 tat 'i ve measurement of the number 
of end groups Is obtained using the absorpt 1 v1 t 1 es 
measured on model compounds containing the end groups 
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of Interest. The end groups of concern, the 
wavelengths Involved, and the calibration factors 
determined fron node) compounds are shown be)ow: 

Endqrou p 
-COF 

-C02H(M) 
-C02H(D) 
-CO2CH3 

-CF-cr2 

*CH20H 

H ■ Honomer1c» D ■ Dlweric 

The calibration factor Is a natheaiat 1 ca 1 
conversion to give end group values In ter«s of ends 
per 10^ carbon atoms. The concentration of each 
type of end In a polymer film may generally be 
obtained from this equation: 



Wavelength, 
micrometers 


Calibration Factor 


5.31 


406 


b.53 


33b 


5.64 


320 


5.57 


368 


2.91 


914 


5.57 


635 


2.75 


2220 



End Groups per « 
100 carbon atoms ^1 In thickness 



absorbance X CF 



where film thickness Is In millimeters (^0.003mm). 



Some of the absorbance peaks may Interfere 
with one another when -CO^HCD), -CO^HCM), and 
-CF-CF^ ends are all present. Corrections have 
been developed for the absorbances of -C02H(D) 
(hydrogen-bonded carboxyllc acid dimer) and the 
-CF-CF^ ends. These are as follows (where/; Is 
wavelength in micrometers): 



absorbance 5.46ij - » absorbance 5.58ii) »corregt#d 

absorbance 



absorbance 5>57ii ' (0.3 k absorbance 5,58iJ^ • corrected 
OTffi absorbance 



for -C02H(D) 

corrected 
absorbance 
for •CF»CF2 
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The presenct of -CONH^ or -CO^CH^ »•> 
• Ud Interfere *rUh the acid ind -CF'CFg 
•bsorbtnces. Since these groups are generally the 
result of additives to polymer 1 2at 1 on their presence 
Is generally predictable* A suspicion of •CONH^ 
absorbance In the vicinity of 5,6 ail croneters can be 
checked by searching for the auxiliary -CONH2 band 
at 2*91 picrometers. 

The polymer fllws (0.2S to 0»30mni thick) are 
scanned on a Perki n-Elner^ 263B spectrophotometer with 
a film of the same thickness^ and known to contain 
none of the ends under analysis. In the Instrument 
reference beam. The Instrument Is set up with a 
Response Time setting of 1» a Scan Time setting of 12 
minutes* Ordinate Expansion of 2, a Slit Program of 
7, and an Auto-Chek Gain control of 20X. The films 
are then scanned through the pertinent regions of the 
spectrum making sure that adequate base lines are 
established on each side of the pertinent absorbances* 

The polymer films are generally compression 
molded at 270-3S0*C» The presence of certain salts» 
particularly alkali metal salts, may cause end group 
degradation within this temperature range. If these 
salts are present, the films should be molded at the 
lowest possible temperature. 

HEXAFLUOROPHOPYIENC (HFP) CONTENT DETERHI XAl 1 0 N 

The HFP content in the mel t*process1 bl e 
TFE/HFP copolymers described herein is determined by 
measurement of the ratio of the Infrared absorbance 
at 10*16 micrometers to the absorbance at 4.2S 
micrometers* This ratio is rtftrr^^ to as the HFP 

*denote& trade mark 
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Index or HFPI. Reference fllns of known HFP content, 
5 es determined by F19 KMR . ire also run to cillbrate 
the HFPI. The •ole percent HFP presen* Is equel to 
2.1 times the HFPI. Compressi on-nolded fllns 
approximately 0.10 - 0.11mm thick are scanned under a 
nitrogen atmosphere. 

PERFLUOROPROPYLVINYL ETHER (PPVE) CONTEXT 
DETtftMl^iATTPH 

The PPVE content In the mel t-proces si bl e 
TFE/PPVE copolymers described herein is also 
determined by Infrared spectroscopy. The ratio of 
absorbance at 10.0^ micrometers to that at 4.25 
micrometers is determined under a nitrogen atmosphere 
using films approximately 0.05 mm thick. The films 
are compression molded at 3Sa*C, then immediately 
quenched In ice water. This absorbance ratio Is then 
used to determine percent PPVE by means of a 
calibration curve established with reference films of 
known PPVE content. F19 NMR is used as the primary 
standard for calibrating the reference films. 
AVERAGE PARTICLE SI2E 

U.S. Patent 3,929»721 describes a dry-sieve 
analysis procedure. The "average particle size* is 
determined by a dry-sieving procedure In accorbance 
with ASTM Procedure D-14S7-Bla (12.3.3) modified as 
follows. The 203mm diameter sieve set Is assembled 
In order, with the largest mesh opening on top. From 
the listing of U.S.A. Standard Testing Sieve slies 
(ASTH E-ll Specification), four to eight adjacent 
sieves are selected with openings between the limits 
of ( mesh and 200 me&h and which bracket the range 
into which the average particle size Is expected to 
fall . 



20 



25 



30 



35 
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A 40 to 6O9 representative portion of the 
Simple to be tested, preferably obtiined usinfl « 
Simple splitter snd wei9He<' to the nearest 0.DI9. is 
charsed to the top screen. The screen set is shaken 
in a sieve shaker (typically a Ro-Tap* shaker 
obtained fro« Fisher Scientific Co.» Cat. No. 4-901*) 
for about 10 vinutes. After shaking, the net weight 
of material retained on each sieve is determined to 
the nearest O.OI9. 

The weight average particle size is 
determined based on {^lotting the cumulative 
percentage retained vs. sieve opening on 
log-probability paper as described in ASTM method 
D-1921-63, or by equivalent computer Interpolation of 
these data. The average particle size in micrometers 
Is read from the plot at the 50th percentile (050) 
abscissa of cumulative weight percentage retained. 
DSC ANAIVSIS 

DSC analyses are carried out with a Du Pont 
Nodel 1090 Thermal Analyzer using a Hodel 910 OSC 
cell base and the Ou Pont General Analysis Program, 
Version 1.0. The instrument is calibratad as 
recommended by the manufacturer, using a lOmg indium 
standard. Polymer sample size is 6 to 10 mg. crimped 
Into an aluminum capsule. Different heating and 
cooling cycles are used depending upon the melting 
point of the sample. Samples are scanned twice 
•cross the melting endotherm at lO^C per minute from 
a temperature which Is 90 1 5*C below to a 
temperature 40 4. S^C above the melting endotherm peak 
*denote8 trade mark 
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temperature* Between the first and second scanning 
of the endot.^ern. the sample Is cooled fron the 
naxlMum to thr Mlni»:*f!> scan temperature at • rate of 
10*C/»in. The "nelting endothera peak temperature" 
is defined as the peak temperature of the first 
melting endothern. The heats of melting (H^ ana 
H^) are calculated from the first and second 
melting scans, respectively. The 'melting heat 
ratio" (Km ratio) Is defined as H^/H^* The 
melting heats and are determined by 
Instrumental integration using a base line from 80'C 
below to 30*C above the peak temperature. The "melt 
onset temperature" Is determined graphically by 
plotting the derivative of the first melting scan 
using the Du Pont General Analysis Program. Version 
1.0. It Is defined as the temperature where the 
expanded derivative curve first Increases above the 
zero base line (on the low temperature edge of the 
melting curve) by 0.2 mW/min. 

txawple 1 

A tet raf luoroet hy 1 ene/hexaf 1 uoropropy lene 
(TFE/HFP) copolymer, 7,6 mole 1 HFP, In aqueous 
dispersion form was obtained by polymerizing TFE and 
HFP In an aqueous medium according to the general 
procedure of U. S. Patent 4,380,618 using potassium 
and ammonium persulfate Initiators and ammonium 
perf luorocaprylate surfactant. The copolymer was 
coagulated by using 12S0 ml dispersion (26. 4t solids) 
diluted with SUO ml of demi ne r a 1 1 zed water In a 
3.5-11ter stainless-steel beaker (152 mm in diameter) 
equipped with four equally spaced, rectangular 
baffles protruding 13 mm Into the beaker. The 
agitator Impeller had four 34mm x 17 mm x 3.2 mm 
thick blades welded onto a 17mm diameter hub at 3S to 
4U* pitch from horizontal to pump upward when rotated 
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ClockwIS.. Up.ll.r di...ter h.» BSm». Th. contents 
w.rt .sit.t.d .t 900 rpm .nd 3.0 .1 of 70 -eight X 
* nunc .eld -at then added to produce • thick flel. 
After 3 .Inutei. l«0.1 of Freon* 113 was added to 
break the gel and g^*""!*" polymer. Agitation 
was stopped S .Inutes later. The *<»ueou$ phase was 
poured off. 1000 m\ of de-l neral 1 2ed water was added. 
" and the poly.er agitated for 5 rlnut.s at 500 rp«. 
The aqueous phase was again poured off and the 
pol,-er was dried In a 150'C air oven for 4 hours. 
This overall procedure was repeated three -ore tli.es 
to obtain • total of 1500 g of poly.er (.elt 
" viscosity 6.2 . 10* poise at 372»C). This 

copolymer was screened on a 30-«esh sieve to remove 
fines and yield a product with a 050 of 1210 
.lcro.et.rs and a sphere factor of 1.33. About lOOOg 
of this poly-er was divided Into eight essentially 
" equal sa.ples using a sa.ple splitter. Seven of 

these samples were baked In an air oven at various 
conditions to harden the granules. The eighth sample 
left unbaked as a control. The attrition factors 
measured on all eight samples are given below. 



25 



Btklno Conditions 

* Attrition 

S«,pl» Tlme.hrs Temoerature'C LlllOL 

9 222 35.5 

2 I 233 13.1 

30 I I 233 J.' 

f 4 239 2*2 

5 4 245 1.8 

Unbaked control 

35 

*denotes trade marx 
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All the te»per«ture$ for Simples I through 7 
are between 25»C below the DSC »eU onset te«periture 
end the weU endother* peak tewperetMre, 

Two Simples of this polymer (1259 each after 
screening to renove fines), one which had been baited 
at 239*C for four hours to harden the granules, and 
the second which was not baked, were fluorlnated In a 
stainless-steel shaker tube for 4 hours at X60'C 
using a 25% fluorine in nitrogen atmosphere at 
0.69 HPa gauge pressure. Total processing time was 
just over 5 hours. These samples were screened on a 
30-mesh sieve to determine the amount of fines 
generated In the shaker-tube treatment with the 
following results: 

Sample Attrition 
Factor 

Unbaked 92.3 

Baked at 

239*C 2*2 

DSC data were as follows: 
Before Biking 

Peak Temperature 262*C 
Meltl ng 

Heat Ratio 1.4b 
Melt Onset 

Temptrature 24B*C 

The dried polymer had 440 unstable end 
groups per 10^ carbon atoms. After fluorinatlon no 
unstable end groups ware detected. 

Example 2 

A TFC/HFP copolymer (5.9 mole X HFP) was 
polymerized at 3.3 HPa gauge pressure and 9S*C with 
ammonium per f 1 uorocapryl at e dispersing 



X Fines 
Generated 

(through 30 wesh) 

6.1 
0.5 



After Biking 
263»C 
1.56 
244»C 
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agent and •m»on1u« persuUate initiator. The 
resulting dUperslon (19. OX poly«er) was coagulated 
Slpllarly to that of Example 1. Per 100 parts of 
copolymer on a dry basis. 6 parts of 60 weight X 
nitric acid end 93 parts of Freon(t«i) 113 were used. 
The polyaier was washed several tines with 
dewinerallzed water to remove the nitric acid. The 
Freon(t«) was boiled off by a warm water (60'C) wash 
under slightly reduced pressure- The poly«er was 
separated from the aqueous phase and dr1ed/bak«d In a 
220»C circulating air oven for 8 hours. Analysis 
showed the presence of' 44B unstable end groups per 
10^ carbon atoms consisting of -COF, -CO^MCM), 

and -CO^KtD). 

A 22.7-kg portion of the baked granules was 
treated with fluorine at 190*C for three hours while 
being tumbled in a vessel described as follows. The 
fluorinatlon reactor was a 0.1 double-cone 
blender provided with gas inlet and vent connections 
and an electric heating mantle. The gas inlet dipped 
down into the particles and the vent pointed up Into 
the vapor space. Both lines were fixed and remained 
stationary when the blender was rotated. The polymer 
granules were placed in the reactor which was then 
sealed and rotated at S rpm. The polymer was heated 
by both the electric mantle and a preheated air 
stream flowing through the reactor. When the polymer 
reached the desired temperature, the air flow was cut 
off and a vacuum was applied. The pressure was 
raised to atmospheric with a •ixture of 
fluorine/nitrogen (25X/75X by volume) and this 
mixture was fed through the reactor continuously for 
three hours while maintaining the temperature with 
the electric mantle heater. The gis feed was then 
switched to lOOX nitrogen until no fluorine was 
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del.ct.d in tht off-9" us^nfl »«>1»ttned »t«rch-i odi 
paper. Th* r«t1n w«s thtr cooUd with cold tlr 
patted throush the reactor. The reactor -at then 
opened and the resin was collected. The flranulet had 
the following properties: 

Melt Vltcotlty ^JiS'ai? 

S?»'!Ss5r'''" .urometers 
Attrition 

Factor '^•^ 

Sphere Fector ^•^^ 

Unstable Eodgroupi per 

10^ Carbon Atoms 21 

DSC Helting Heat 
Ratio 

The fluorlnated granules were fed to a 32-«« 
diameter Waldron-Ha rt 1 g* ext ruder with a 20:1 L/D 
barrel and coated onto AWG #20 19/32 itranded copper 
conductor with an Insulation thickness of 0.25»in. No 
electrical flaws were detected In the coating at 
either of two extruder temperature profiles. The 
coated wire had a dielectric strength of 69 kV/a.m 
(ASTM D-149), 

Eitaiple 3 

An aqueous dispersion of tet raf 1 uoroethy 1 ene 
(TFE) with 1.3 laole % per f 1 uoropropy 1 vinjrl ether 
(PPVE) crpol>per was prepared In accordance with U.S. 
Patent 3,63S.926. This dispersion, containing 26.9 
weight % copolymer, was obtained by polymerizing the 
monomers using amr.nnlum persulfate initiator, 
ammonium per fl uorocapryl ate surfactant and ethane 
chain-transfer agent In the presence of ammonium 
hydroxide pH modifier and Freon(tm) 113 as a 
water-Immiscible phase. 

^denotes trade mark 
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The above TFE/PPVE copoljr«er dispersion was 
co«9u}«ted at 3S»C by a aiethod similar to that of 
Example 2. With agitation. 5.B parts of 60 weight X 
nitric acid and 8S.5 parts of Freon(tm) 113 per 100 
parts by weight of copolymer (dry basis) were added. 

The resulting granules were washed , with 
agitation, 3 times with 20-25*C demi neral 1 zed water, 
followed by a wash heated to 60*C to remove the 
Freon(tm) 113, ano by a final water wash at 20-40'C. 
The resulting polymer was separated from the wash 
water and dried at IBO^C for 6 hours in a circulating 
air oven. The sof t^ granul e$ were characterized as 
f ol lows. 

Average Particle Size (050) - 360 micrometers 
Attrition Ffctor • 8K8 
Sphere Factor • 1,18 

Helt Viscosity ■ 3,9 x 10^ poise at 372»c 
PPVE Comonomer Content ■ K3 mole % 
Melting Heat ftatio • 1.53 

Melting Fndotherm Peak Temperature - 311*C 
Helt Onset Temperature • 2e7'C 
Bubble Index - 26 
^ The Infrared scan shoh^ed 93 amide ends per 

10 carbon atoms and a few vinyl and/or carboxylic 
acid ends per 10^ carbon atoms. 

The resin was heat hardened at about 285*c 
for three hours and the granules screened through a 
20-»esh screen. They were characterized as follows. 
Average Particle Size (050) • 340 micrometers 
Attrition Factor • 3,1 

Helt Viscosity - 7.9 x 10^ poise at 372»C 
PPVE Comonomer Content • 1,3 mole X 
Melting Heat Ratio • 1.59 

Melting Endotherm Peak Temperature ■ 311*C 
Melt Onset Temperature ■ 2B9'C 
Bubble Index • 66 
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The much reduced attrition factor shows a 
•arked improvement In the hardness of the granules. 
Infrared analysis showed 88 .^mlde ends and a few 
vinyl or carboxyllc acid ends per 10 carbon atoms. 

The resin was fluorlnated using a high- 
pressure stainless-steel cylindrical batch reactor, 
equipped with gas and vacuum connections, electric 
heaters and shaker-type agitation. Polymer granules 
were charged and the vessel was sealed. A vacuum was 
applied followed by pressurlzatlon to 1 MPa gauQc 
pressure with a mixture of fluorine/nitrogen {2S%/7bX 
by volume) at 190*C, The total processing time 
Including start-up. venting and cool-down was Just 
over 5 hours. The granules were heated In a 
circulating air oven for over an hour to remove 
traces of fluorine. Particle Integrity was 
preserved. The granules were characterized as 
follows. 

Average Particle Size (D50) - 285 micrometers 
Attrition factor • 6.3 

Kelt Viscosity - 7.5 x 10* poise at 372»C 
Melting Heat Ratio - 1.60 

Heltlng Endotherm Peak Temperature - 3n'C 
Melt Onset Temperature - 291*C 
Bubble Index 15 
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Infrared analysis showed that fewer than 50 
unstabW end 9roups per 10^ carbon atoms were 
present after f luorlnatlon. 

Example 4 

By a procedure similar to that of Example 3, 
a heat-hardened resin was obtained. The granules 
were fluorinated as follows: An amount of polymer 
granules corresponding to about one-fourth of the 
reactor capacity was sealed inside the reactor of 
Example 2 and fluorinated for four hours at 18S*C to 
189*C using a reactor rotation speed of 5 rpm. After 
f luor1nati«n, the granules were reduced In size by 
forcing them through a U.S. 30-mesh, 203-mm diameter 
sieve on a Fritsch Ful verl $ette(tm) shaker. Twelve 
stainless-steel balls 19mm In diameter were placed on 
the screen and vibrated until all the material, 
except for 3*61 of very hard particles which were 
discarded, had been forced through the screen. 

The granulated resin was characterized as 

f ol 1 ows . 

Average Particle Size (OSO) - 337 micrometers 
Attrition Factor - 4.1 
Sphere Factor • 1.13 

Kelt Viscosity • 8,0 x 10^ poise at 372»C 
PPVE Comonomer Content • 1.2 mole X 
Melting Heat Ratio - 1.56 

Melting Endotherai Peak Temperature • 311»C. 

Melt Onset Temperature - 289»C 

\r\ir%rt6 analysis Indicated no detectable 
unstable end groups. 
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The Bubble Index on this sample was 11, 
rompared to 45 for a non-heat-hardened, unf 1 uorl nated 
control sample* 

A comparison was made of the rotollning 
performance of heat-hardened, fluorinated granules 
and unf luorlnated control granules, using a 3.inch 
flanged pipe tee as a mold. A 647g quantity of the 
resin was placed Inside the mold. The mold was then 
mounted In a fixture on one of the arms of the spider 
of a McNeil-Akron rotocasting michlne of the type 
described in U.S. Patent No. 4,31^,961, The machine 
was indexed to advance the arm into the oven. The 
mold was rotated by the fixture about mutually 
pei pendicular axes to cause the resin to tumble anO 
contact all Interior surfaces of the mold. The 
major/minor axis speeds were 8/9 rpm respectively. 
The mold and Us contents were heated for 15 minutes 
at 329*C before the temperature was raised to 352*C 
for the processing times shown below. 

On completing the heating cycle, the spider 
arm Indexed to a cooling station. While continuing 
its rotation, the part was cooled In sequence by an 
air stream for 5 minutes, by a wter spray for 12 
minutes, and again by air for 2 minutes. 

The rotocasting machine was then indexed to 
bring the finished part to the onlojding station 
where it was removed. The lining of the finished 
part was Inspected for bubbles or other porosity. 
The fluorinated resin of this invention gave a 
smoother surface than the control as shown in the 
table below. 
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Ne«t- 

Processing Resin Rotomoldetf Part 

Conditions Type Observations 

110 Rin, 3S2*C Fluorlnated Bubble-free 

110 Pin, 352*C Unfluorl- Many small luwps; 

"•ted bubbles In side neck 

80 Bin, 352»C Fluorinated Bubble-free 

80 »1n, 352»C Unfluorl- Many small lumps 
neted throughout part; 

many bubbles in 
middle of wil 1 
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1. A process for trtiting a 
pett-proctssUlt, substantially none lastoMtlc 
tttrafloorotthylane copolymer prepared In an aqueous 
polywerizatlon »ed1uii». which treatnent compriies 

A. coaaolatlnj from Its aqueous 
poly«rl2at1on pediu* a pel t-process1 bl e 
tetrafluoroethylene copolymer co-prising 80 to 99.5 
«o1e X tetrafluoroethylene and 0.5 to 20 -ole » of at 
least one copolymerlzabl t co»ono»er, therein 
coagulation If carried out by causing the copolymer 
and eiedlum to for* a viscous gel by pechanlcal 
agitation or altarnatlvely by addition of a che-lcal 
gelation agent, after which the resulting gel Is 
broken Into granules by addition of an essentially 
water^lp-lsclble liquid accompanied by ■echanlcal 
agitation. 

B. stparating the coagulated copolymer from 

the aqueous medium. 

C. removing liquid from tha separated 

copolymer by drying* 

0. partially sintering the dried copolymer 
•t a temperature between 2S*C bflow Us differential 
scanning calorimeter melt onset temptrature and Its 
Initial melt tndotherm peak temperature until the 
attrition factor of the particles Is less than 60. 
out before tha copolymer becomes agglomerated, 

1. subjecting tht copolymtr In D. to an 
etiiosphere containing fluorine gas until the total 
number of unstablt eno groups Is lt»» than 80 per 
10^ carbon atoms, 

F. followed by separating the copolymer 
from tht atmosphere containing fluorine gas. 
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2. The process of Claim 1 wherein the 
chemical gelation agent for coagulation is at least 
one mineral acid. 

3. The process of Claim 2 wherein the 
chemical gelation agent is nitric acid. 

4. The process of any one of claim 1, Claim 2 
and Claim 3 wherein Steps D and E are conducted 
simultaneously. 

5. Melt-processible, substantially nonelasto- 
meric tetraf luoroethylene copolymer comprising 80-99.5 
mole % tetraf luoroethylene and 0.5 to 20 mols % of at least 
one copolymer izable comonoroer, which copolymer has 

(a) a melt viscosity between 0.1 x 10^ and 
100 X 10^ poise at 372»Cr 

(b) a substantially spherical particle shape 
and a sphere factor less than 1.5, 

<c) an attrition factor of less than 60, 

(d) fewer than a total of 80 unstable end 
groups per 10^ carbon atoms, said end 
groups comprising -COOH, -COF, -CF-CF^* 
-CONH^, -CH^OH, or -COOR, where R is an 
alkyl group of 1-6 carbon atoms, 

(e) an average particle size between 200 and 
3000 micrometers. 

6. The copolymer of Claim 5 which has a melting 
heat ratio greater than 1.20. 

--T*** copolymer of Claim 5 or Claim 6 wherein 
the melt viscosity is between 0.5 x 10* and 20 x 10* 
poise at 372*C, and the weight average particle size is 
between 200 and 500 micrometers. 

8. The copolymer of Claim 5 or Claim 6 wherein 
the melt viscosity is between 1 x 10* and 100 x 10* poise 
at 372^C, and the weight average particle size is 
between 700 and 3000 micrometers. 



